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1. Digital Modes: differences and commonalities 


Amateur Digital Voice Systems 
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40% longer 
Yes 


20-25% over 
wideband 
analog 
No 


>6 


70cm primary, 


2m, 33cm, 


No 
40% longer 
Yes 


20-25% over 
wideband 
analog 
No 


25+ 


2m, 70cm, 
33cm 


20-25% over 
wideband 
analog 
Yes, ICOM 


2m, 70cm 


20-25% over 
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1. Digital Modes: differences and commonalities 


Amateur Digital Voice Systems 


TDMA TDMA/4FSK GMSK FDMA/C4FM FDMA 
(Phase | was 
FDMA) 
AMBE+2 AMBE+2 AMBE AMBE+2 AMBE+ 
Vocoder Vocoder Vocoder Vocoder Vocoder 
Yes Yes No No Yes/Yes 
12.5khz 12.5khz 6.25khz 12.5khz 6.25khz/12.5khz 
(dual 6.25khz (dual 6.25khz 
slots) slots) 
Yes, Public Yes, Yes, Amateur No, Amateur No 
Safety Commercial only Use Only 
and Amateur 
170 623 1100 219 52 


LMR 
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2.Digital modes: 


»>Network Infrastructure 


a 


2.1 vendor specific 


» D-Plus 
» WIRES-X 


2.1.1 D-Plus, ICOM specific 


Gateway 


Urcall= CQCQcQ” 


Reflector RP2 ‘ 


Via Voice and Data 
RP2 
Voice and Data 
UR = REFO14CL 
‘ Gs 


RPT1= WW6BAY B — 
RPT2= WW6BAY G ENE 
MY = W6ABC 


_W6ABC = MyCall 


TALKING TO K1XYZ 


Boston, MA 


San Jose 


Slide courtesy George Zafiropoulos KJ6VU 


2.1.2 WIRES-X, YAESU specific 


Every node PC is a reflector 
Needs external radio and PC 
Many Japanese Stations 


430.78MHz = 
.. 430.92MHz 
430.72MHi 
-. 430.76MH: 
430.80MH: 
am eens s6 


~. 430,77MHz | 


#PALLIA-CQ-ROOM-2 20509 000 = ALL JACQ ROOM#2 
¢ ee) 


2.2 vendor independent 


>» XREFLECTOR 
» CONNECT Plus 
° DCS Plus 
° DMR Plus 
co GPMR Plus 
o P25 Plus 
o C4FM Plus 


2.2.1 Connect Plus Overview 


CPS7 


CodePlugs CCS7 


Authentication 
and Routing 


Reflector systems 


2.2.2 why CCS7? 


» Other than D-Star all other digital systems do not work with call signs! 


The DMR-Header has 3 bytes in the air interface as an address space 
Q@ G8 68 bis FF FF FF, 


This represents a decimal number range between 0 bis 16 777 215 or, 
without special coding, (in ASCII) 3 characters. 


A public data base correlates the call signs with these numbers 


Based on ,MCC* Standard / |!1U-T Recommendation E.2 1 2 


(MCC = ,Mobile Country Code") 
(http: / /en.wikipedia.org/wiki/Mobile_country_code) 


2.2.3 Structure of the CCS7 number 
» Hierarchically structured numbering system: 


- Test Networks 

- Europe 

- North-America 

Asia 

: Australia, New Zealand, Philippines etc. 
: Africa 

- South Amerika 

: World Wide 


fe) 


fo) fo) 


fe) 


2.2.3 Structure of the CCS7 number 


; A, i, a A, ae L 


Hierarchically structured numbering system: 
Examples: 


310-317 USA 

204: Netherlands 

228: Switzerland 

232: Austria 

234/235: United Kingdom 
238: Denmark 

262: Germany 


311 2528 = Uli, AGOX 262 7506 = Uli, DH6SAB 


2.2.4 How are CCS7 numbers assigned? 


>» To provide a common “phonebook” the DMR-MARC server assigns the 
numbers which are then synchronized with the D-Connect CCS7 servers: 


J [} DMR-MARC Network x \ 


€ > @ OG dmr-marc.net/cgi-bin/trbo-database/register.cgi 


* = = 
Translations: t i tI 


DM. Fe -MA rt Co é Home Database Repeaters About Us Innovators Contact Us 


ADD DMR USER 


Country 


DMR ID Will be emailed to you by the ID Team 
Callsign required 
Full Name (First Last) require 
Nickname [Optional 
City frequ red 
State/Prov Select Country First ’ The correct reCAPTCHA phrase includes all letters or numbers 


on the white background and those in the image next to it 
Radio Type 


EMail Address required 


Comment 


2.2.5 CCS7 data bases 


DMR-MARC 
server 


cluster 


CCSO002 


GES052 


Currently 

20 redundant 
Servers 
Distributed 
Over the 
World 


2.2.5.1 CPS7 data base 


Digital Amateur Radio Registration System 
Sysop-Page 


DMR Repeater Registration 
Repeater ess 
Repeater Callsign: AB4NP 
settings 


Licensee Call: 
Admin Callsign: y AGOX ] 
Admin First Name: yf Uli_ ] 
Admin Surname: wf Altvater 
Email Address: wf uli@altvatercom | 
Country: United States 
Repeater location: Naples 
Zip code: 


Latitude (+ North/ - South): ° wW decim 


26126234] CL 
lal: . -Or-, 


81.727877 
Longitude (+ East’ - West): ° y decimal,” | or a I I 


‘ Transmit Frequency in MHz: ai /449.87500 
P r | V at e +/-Repeater offset in MHz: i 
Antenne height Above Ground Level (m) ® 


ts Antenna gain (dBi): ® 2 
Settings 7) 


Losses (dB): ® 2_ 

TX power (W): @ 
Mixed Mode analogueddigital: ©. 
Color-code / systemcode: wf 
DMRplus-Features ¥ | 


‘Only supported by Hyters repeaters and DMRolus-MBndge! 


<DMRplus > 
Options: 
TS1 Group1 @ 311__| (@efaut: 211 = "Own Country) 
TS1Group2 i} (Gefaukt: 1 = Worldwide’) 
TS1Group3 @ 262 | (Gefauh: ‘Language Region’) 


TS1 Group4 @ 0 ] 
TS1Groups @ Oo | 
TS2 Start Reflector f }9 USA - Nationwide r 
TS2 Reflector Relink Time 60 


TS2 Link control by users ® of! on 


{Save|changes / Check\changes / Retum|without changes 


2.2.6 reflector systems 


» What happens when | push these buttons? 


@ DvV4mini Control Panel (Stick ID: F5-08-6F V201.64 @ 127.0.0.1) 
ePiacstemcneeineeee>~ 3 


CPU 4 cores: 5 % mm i 


DV Control 


Expert Settings | RSSI_ | Reflector Info | FW Update | Info 


DMR-PLUS 
46393 USA - Nationwide 


Personal Settings 
DMR/CCS7 ID: 


disconnected 
connected to 4640 


3112528 


Hotspot Callsign AGOX D ~ @ DMRt © P25 pa “ 
; © DPMR (experimental) 4602 
Location (City) Naples, FL 4603 
E 0 12mW 12 
QTH Locator: EL96CE Poneori 
Internet Data RX-QRG: 433.42518 MHz 
amy. TX-QRG: |43342518 | MHz OTs! © Ts2 


SIMPLEX (@) Message 


121,829 


(0000): 


Set Reflector: 4640 


| connected to 4640 


22:05:21,829 (0000): DMR ... LOGIN #3112528/AGOX 4640 20160128 to Master: [75.151.47.162] 

21:05:21,829 (0000): DV4mini ... AGOX D 3112528 M 433425180 433425180 qth:ELS6CE town:Naples, FL 

21:05:21,829 (0000): ADF ... set RX / TX qrg: 433425180 / 433425180 

21:05:21,829 (0000): DV4mini ... set mode: DMR 

22:05:21,829 (0000): DMR Set Dongle ID:#3112528/AGOX 

21:05:22,259 (0430): DMR. Online: MASTER USA-Florida 3112 uli@altvater.com 9.2x 13915 = 

Login to USA - Area 0 = 

21:05:22,849 (0590): ADF ... set RX / TX qrg: 433425180 / 433425180 _ 

22:05:23,939 (1090): DMR from Reflector: RX SLOT=2 GROUP=9 REF_ID=#4640 ~ 
cCcs7 4640: 4640 USA - Area 0 - 


2.2.6 reflector systems 


» What happens when | push these buttons? 


Do you know 
11 2528? 


Let me in. 


Hi Uli! It is Uli, AGOX 


He is fine 


2.2.6.1 DCS (D-Star) 


Group 
World Wide 
USA Preferred channel 
USA Altemate channel 
USA Fusion test 
USA DMR test 
Available 
Dy-Mega 
Dstar Contest 1 
Dstar Contest 2 
Dstar Contest 3 
USA California 
USA Texas 
USA New York 
USA Florida 
Available 
Available 
Quadnet 
USA Colorado 
Minnesota 
Available 
USA lowa 
USA lowa 
Ragchew channel 
USA Blingual ENSP 
Emergency Comm 


User on GROUP Repeater on GROUP 


a 
a a C | 
a O 
a 
SO 
a Oc 
Peer Sipe 
OC 
a OC 
a O 
eer Ripe 
a a 
a 
a  C ( 
a a O 
a a C 
a Cc 
a  O 
a 
a  O ( 
i 
U 


ser 
User Repeater 


User 


Repeater 


Sl World Wide 
DCS002 
User 


Repeater 
Group Info 


33 reflector 
Systems 
With 

26 rooms 
each 


URCALL 
DCSO06AL 
DCSO06BL 
DCSO06CL 
DCSO06DL 
DCSO06EL 
DCSOO6FL 
DCSO06GL 
DCSO06HL 
DCSOO6IL 
DCSO06JL 
DCSO06KL 
DCSOO6LL 
DCSOO6ML 

DCSOO6NL 

DCS0060L 

DCSOO6PL 

DCSO06QL 

DCSOO6RL 

DCSO06SL 

DCSOO6TL 

DCSOO6UL 

DCSO06VL 

DCSOO6WL 

DCSO06XL 

DCSO06YL 

DCS006ZL 


2.2.6.2 DMR Plus 


V Master in use sMaster 
DMaster 
Repeater/dongle 
An Aon 


Kurt OE1KBC / Torsten DG1HT 


2.2.6.3 dPMR 


» Experimental System 


a Last Heard 


PA3DPS 1h32m13s 
2 M1DAZ 1h59m24s 


ShismSs a 
SS Yc 
a 7 YT; 
[6 | _____boasta___| Tdsh46m 145 a: 
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EE T1557 m20s [sy 
De Ed ee 
Pat Dorwo IS i inne 
PER IS nse 
SS ©, 0005; 
0 0 0 Sc 
[F200 aaa rms S~d HO SCid SC 
a 07; 
17_[____ MoRDC___|_ ams i nse 
50, CY 7 
0 0; 
a 2 LLP EC 
TPF” 
2 2 YP YS 
SS <0 
SE TTP 0S 
a ee TTY; 
<7 UY Tk 
A YF 
a 2) ETDS; 
SS a 7 TT 
P30 tz dS TES SSSSSS~S acted 
Pat) OPW SSSR TS SSSCS~dSSCSCSSHO CdS 
7 0 FY; 
TTS 
34 
35 
7 


OZ3HLF 31d8h6m12s Deutschland 
DBOZAV 31d9htmsTs nse er 


3 


2.2.6.4 C4FM (YAESU Fusion) 


» 2 reflector systems with 100 room each 
» FCSOO1 /FCSO02 


and Contro 


Group Group Nr 


TALK USA1 
TALK USA2 
Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 


Georgia 
Hawaii 
Idaho 
Indiana 15 
lowa 16 
Kansas 7 


Louisiana 
Maine 
Maryland 
Massachusetts 21 
Michigan 
Minnesota 
Mississippi 
Montana 
Nebraska 27 
New Hampshire 
New Jersey 
New Mexico 
North Carolina 
North Dakota 
Oklahoma 


2.2.6.5 APCO25 (P25) 


>» | reflector system with a second one in Los Angeles currently being installed. 


Reflector 


|__—_cait_J 16s in use 
NCS5P 45s in use 


= NQUEQ a 
=a KHOPM 31m50s [nee iS 


GOYNM 35m2s in use 
Se eee ——————r 
DL5DAE 1h11m27s 
ae 
A 0 1 
YF 


= VESEN 12h5m47s [nse CS 
ia a DL2FDL 12h59m 15s Repeater 


A 0) TP TS 

a a a ET 
19 G7EPL 1d11h43m31s 

30 tT | 


[aOR CdCI C~dSSSSCSCSSnse id 
> CTP 7 
FT 
SC 
A 2 YE? 
[96 [LX 2 MBS SSCS Sse id 
[27 | NSPS CSCS OMAGS SS SSSC~d SSIs id 
a a 
a 0 0 7 FS 
[30] CSCC AAMAS CSC~dSSSSSCSCSSnse id 
[32 KASH CdSSSCSCSCSCSCSCSS BMS C~dSSSCSnwe id 
7 
A oT 
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2.3 bridging 


» MotoTrbo/Hytera 


4 82 


Prt 
CBridge-/ 
Smartptt 


IPSC Master 


Motorola 
Repeater 


Motorola 
| IPSC-Network 


Moto- 
Master 


Repeaters 


=I 


DMRplus 
Master 


DMRoplus 
Network 


2.3 bridging 


» MotoTrbo/Hytera 


DMR_ID TS1 


TS2 


TS2_TG 


INTERLINK 


143859 


MOT 


ON 


INTERLINK 


126201 


MOT 


ON 


INTERLINK 


184553 


MOT 


ON 


MOT 


232703 


MOT 


ON 


MOT 


232702 


MOT 


ON 


MOT 


232709 


MOT 


ON 


MOT 


232101 


MOT 


ON 


MOT 


232304 


MOT 


ON 


MOT 


OE4XUB 


232401 


MOT 


ON 


MOT 


OE7XZH 


232701 


MOT 


ON 


MOT 


OE8XKK 


232108 


MOT 


ON 


CBRIDGE 


OES8XIK 


232893 


MOT 


HYT 


OESXVJ 


232991 


HYT 


ON 


HYT 


OE6XIG 


232606 


ON 


HYT 


OESXGL 


232502 


ON 


HYT 


OE3XTR 


232391 


ON 


HYT 


OE6XCD 


232605 


ON 


HYT 


OE6XBF 


232604 


ON 


HYT 


OE7XLH 


232708 


ON 


HYT 


HBSBO 


228391 


ON 


HYT 


OE1XQU-2 


232193 


ON 


HYT 


OE6XAG 


232607 


ON 


HYT 


OE1XAR-S 


232197 


ON 


HYT 


OE1XQU-7 


232192 


ON 


HYT 


DBONG 


262400 


ON 


MOT 


OE6XAR 


232603 


ON 


HYT 


OESKBC 


232888 


ON 


MOT 


OE1DATA 


232010 


ON 


ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
OFFLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 
ONLINE 


a@ IPSC-Server-Control by DG1HT / DLSDI/ OE1KBC -ve.. SS) 


System | Master Repeater | Peer Repeater | Matrx TS save Matrix |{__new _] 


2.3 bridging pa 


» MotoTrbo/Hytera | 


§ 


§ 


§ 


BRB 


SSS SSS ESS SSCS SSH SHSHSHSHISHSHS 


w) 
¥) 
jw) 
) 
) 
) 
) 
i) 
a) 
¥) 
al 
M4) 
¥) 
al 
al 
w) 


S\o 
S\8 


§ 
8 


S\o/8 


3. Hardware 


3.1 hardware optimized for multiprotocol 
networks 


Torsten, DGIHT 


3.1.1 DVRPTR1-3 


puTREsfmBEsToet 
cococa DG8SF 
bcseei P 8289 


Thomas Ulm 


priv, HOTSPOT™ 


3.1.2 DV4 mini: first all mode dongle 
with 70cm transceiver 


3.1.3 DV4 home: stand alone all mode 
with transcoding and wireless 


3.1.4 DV4mobile: all digital protocol mobile 
transceiver for 144/222/440MHz 


FRONT PANEL 


¢« D-Star 

° C4FM 

¢ DMRplus 

¢ dPMR 

¢ P25 

¢ LTE 

¢ Code plug in the cloud 


A/D + ATMEL 
0) cm 


A/D + ATMEL 
Vlete 


Questions? 


See us in Dayton at booth # 
NHO172 


